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GELS 



This invention relates to a gel composition, preferably a soft, 
high temperature-slump-resistant, springy gel composition* by 
which is meant a liquid-extended poljoner composition having a 
cone penetration value measured by a modified version of ASTM 
D217, as described in WO8800603 (RK308). the disclosure of 
which is incorporated herein by reference, within the range from 
100 to 400, (preferably 100 to 350), 10- ^ millimetres: an ultimate 
elongation (measured by ASTM D412 as described in WO8800603) 
greater than 100%, with substantially elastic deformation (i.e. 
substantially no hysteresis) to an elongation of at least 100%; 
ultimate tensUe strength (modified ASTM D412 as described in 
WO8800603) less than 1 MegaPascal: djnoamic storage modulus (as 
described in WO8800603) less than 50000 Pascals; and 
substantially zero slump at temperatiires up to 120^*0, preferably 
150°C, especially ISO^G, The composition may either contain a 
three-dimensional network of cross-linked molecular chains (gels) 
or may merely behave as if it contained such a network (gelloids), 
both being included in the term "gels" as used hereinafter. 

The invention is more particularly concerned with such gel 
compositions comprising a stj^ene-elastomeric block-styrene 
triblock copoljoner, preferably a styrene-alkylene-styrene block 
copoljoner having relatively hard polystyrene end blocks and 
relatively eiastomeric (preferably hydrogenated rubber) mid-block. 
Examples of such copolymers include polystrene-polybutadiene- 
polystyrene (SBS) and polystyrene-poly(ethylene/butylene) 
i polystyrene (SEBS) triblock copolymers. 

These soft, slump -resistant, springy, triblock copolymer gels 
with which the present invention is concerned, hereinafter 
referred to for brevity as "S-Gels", are well suited. Inter alia , for re- 
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enterable sealing of electrical connection enclosures. Examples of 
suctL S-Gels are described in WO90/05166 (RK403)- 

In use, it is often desirable to hold these gels under 
compression* the pressure .encoiintered in practice being reasonably 
simulated in the laboratory by applying pressure of 50 kPa to 15 mm 
diameter round discs of the gel. At such pressures we have 
discovered that the S-gels containing more than 400 parts by weight 
especially more than 500 parts by weight, of the extender liquid per 
100 parts by weight of the gel-forming block copolymer (i.e. less than 
20%, especially less than 16.79% copolymer) tend to suffer frona 
f^YTiriaHm of the extender liquid. At higher pressures, gels containing 
as little as 300 parts by weight of the ^tender liquid per 100 parts by 
weight of the block copolymer may also siiffer from such exudation. 
Gels of higher copolymer content are less affected by such exudation, 
but tend to be too firm for many of the purposes to which S-gels are 
put* The present invention reduces such exudation without 
unacceptably altering the other properties of the gel and also reduces 
the need for added tackifiers, for example hydrogenated st3n:enlc 
tackifier resins, or liquid polybutene or liquid polyisoprene tackifiers. 

The invention accordingly provides a gel composition 
comprising:* 

(a) a styrene-elastomeric block-styrene triblock copolymer (T). 

(bj a hard block-eiastomeric block diblock copolymer (D), the 
elastomerie block of which is compatible with extender E 
(specifled below), the amount of D being sufiScient to reduce by 
at least 10% the exudation of E from the composition when 
under compression in use; and 

(c) more than 300, preferably more than 400, especially at least 
500, parts by weight of extender liquid (E) per 100 parts by 
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weight of T+D, which liquid extends and softens t±ie eiastomeric 
blocks of T and of D, 

the composition containing more than 3.1% of T by weight, 
based on the whole composition and / or containing less than 
20% by weight based on the whole composition of added 
hydrogenated slyrenic tackifier resin, preferably of any added 
tackifier. 

Hie composition will usually have, or may be adjusted by 
simple trial and error to have, a cone penetration value within the 
range from 100 to 400. (preferably 100 to 350), (lO-l millimetres); an 
ultimate elongation greater than 100%, with substantially elastic 
deformation to an elongation of at least 100%; ultimate tensile 
strength less than 1 MegaPascal: dynamic storage modulus less than 
50000 Pascals; and substantially zero slump at temperatures up to 
120^C. 

The weight ratio of D:T is preferably within the range from 5:95 
to 66:34. The trlblock copolymer (TJ preferably has a weight average 
molecular weight (Mw) of at least 120 000, more preferably at least 
150 000, especially at least 180 000, and the diblock copolymer (D) 
preferably has Mw of 100000-200000, although the Mw of D is less 
critical than that of T. The Mw may be determined as described in the 
aforementioned WO90/05 1 66. 

Hie benefits of the diblock additive D are especially apparent in 
gels containing at least 600, or at least 900. or at least 1300, parts by 
weight of E per 100 parts by weight of T+D. 

Preferably, the weight of D included is up to 16.5. more 
preferably 13. percent, and/or the weight of T included is up to 23.75. 
more preferably 19, percent, of the total weight of the composition, 
provided that the combined weight of T and D is not more than 25, 
more preferably 20, percent, and especially 
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preferably not more than 16.7 percent, of the total weight of the 
composition. The amount of D is preferably sufficient to reduce the 
PviTriatinn of E by at least 20%. preferably at least 25%. more 
preferably at least 35%. or especially preferably at least 50%. T and D 
together preferably constitute substantially ail of the polymer content 
of the gel. 

•me hard blocks and the elastomeric blocks of D are preferably 
compatible with, more preferably having the same kind of repeat units 
as. respectively, the hard blocks and the elastomeric blocks of T. The 
hard blocks of D preferably comprise polystyrene, and the elastomeric 
blocks of either or both of T and D preferably comprise poiyalkylene 
blocks, more preferably polyCethylene/butylene) for T or 
poly(etbylene/propylene) for D. D preferably incorporates not more 
than 50. more preferably less than 40, and especially preferably 20 to 
39, weight percent of the hard blocks. T preferably incorporates 29 to 
35. more preferably 30 or 31 to 33, weight percent of the polystyrene 
blocks. 

Because of their improved resistance to exudation of the 
extender Uquid E. the gel compositions according to the present 
invention are weU suited to use in devices comprising an enclosure for 
electrical wires or cables or connections, a body of the gel 
composition, and means for holding the body of gel composition in 
compression against and aroimd the wires or cables or connections so 
as to seal the enclosure and/or protect the wires, cables, connections 
etc. from contamination or corrosion. For these purposes, the body of 
gel composition may be held in an insert sheU for insertion in the 
enclosure during installation of the device. E^campies of such devices 
are described in the aforementioned WO90/05 166 and in 
WO90/05401 (B161), the disclosures of both of which are 
incorporated herein fay reference. The devices may be capable of 
closure around an object with one or more bodies of the gel 
composition carried by the device arranged to make gel-to-gel surface 
contact upon such closure so as to form a gel-to-gel seal which 
separates at the contact surfaces upon re-opening of the closure. 



wo 93/05113 



PCr/GB92/01627 



- 4.1 " 



The invention also includes the use of the gel composition for 
forming a seal around an object, or between a first object and a 
second object, e.g. for corrosion protection or environmental 
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which separates at the contact surfaces upon re-opening of the 
closure. 

Hie invention also includes the use of the gel composition for 
forming a seal around an object, or between a first object and a 
second object, e*g. for corrosion protection or environmental 
protection, preferably with the gel composition imder compression 
when forming the seal: and the invention includes a method of 
sealing an enclosure about an object* comprising 

(a) providing an open enclosure member canning a body of a gel 
composition 

(b) placing the enclosure member about the object and closing 
the enclosure member, thereby 

(c) bringing part of the body of gel into sealing surface contact 
with another part of that body, or with part of another such 
body of gel carried by the enclosure member, or with the said 
object* and 

(d) securing the enclosure member so as to hold the gel 
composition in the said sealing contact, preferably imder 
compression. 

Ttie triblock copolymer T, the other materials other than D, 
and the general characteristics of the gel composiUon will 
preferably be as described in the aforementioned WO90/05166, 
although copolymers T having slightly lower Mw molecular weights 
fhfln those preferred in W09Q/QSI66 may be desired for some 
purposes. 

The extender may be as described in WO90/05166, and is 
preferably a substantially non-aromatic paraffinic/naphthenic 
mineral oil of parafBnicrnaphthenic carbon ratio within the range 
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from 1.75:1 to 5:1. preferably 1.77:1 to 3:1. more preferably 1.9:1 
to 2.7:1, and most preferably 2.2:1 to 2.5:1. 

. Preferably, formulations such as those indicated in 

m 

WO90/05166 are modified by replacing a portion of the triblock 
copolymer specified therein with a larger amount of the diblock D 
according to the present invention. The addition of the diblock D 
may usefully increase the tack of the gel, thus reducing the need for 
added tackiflers* which may however be used, for example those 
described in WO90/01566. further to increase the tack if desired. 
Preferably, less than 20%, more preferably less than 15%, 
especially less than 10%, or possibly substantially 0%, of the added 
tackifier, by weight of the composition, will be used. 

Fillers may be added, e.g. up to 10% by weight of the 
composition, to modify or improve handling characteristics, 
examples of siiitable fillers being readily selected by simple trial- 
Other additives may be used as described in the aforementioned 
WO88/00603 and WO91/05014 (RK373) to improve high 
temperature performance and plasticiser resistance. 

The elastomeric block of diblock D must be compatible with 
the extender £, preferably being wholly soluble therein, or at least 
extended and softened by E. Copolymer D will be selected to be 
substantially non*migratory, as opposed to the undesirable 
exudation of lower Mw materials. This may imply elastomer chain 
length sxifficient to ensure retention in the composition by polymer 
chain tangling, or may imply hard -block affinity between T and D. 

I D wiU preferably be melt-processable under the conditions 

used for this type of gel composition, and its addition to the 
composition will preferably not increase, or may even decrease, the 
modulus measured at 0.1 Hz compared with a gel formed from an 
equivalent amount of copolymer T alone. The preferred materials 
are diblock copolymers with one block being compatible with the 
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extender oil. Examples include poiystyrene-polyisoprene. 
polystyrene-poiybutadiene, having, for example. 25%, 30% or 48% 
poijrstyrene content by weight, polystyrene-poly{ethylene/butylene), 
polys tyrene-polyCethylene/propylene). For long-term thermal 
stability the hydrogenated types (poiystyrene- 
poiy(ethyiene/butylene) or polystyrene-poly(ethylene/propylene)) 
are preferred. 

The following examples are based on 12% of T (Hard S-Gels) 
or 7% of T (Soft S-Gels) with some of T replaced by a larger amount 
of diblock D. 

SEES Triblock: Shell Kraton G165I 

polyst3nrene-poly(ethyleixe/butylenej-poly- 

styrene 

Styrene content 33%. 



S-EP Diblock 1: Shell Kraton G1701X 

poiystyTene-poiy(ethylene/propyiene) 

Styrene content 37%. 

S-EP Diblock 2: Shell Kraton G1702X 

polystjrrene-poly (ethylene /propylene) 
Styrene content 28%. 

Mineral Oil: FINA Vestan A360B 

White paraJffinic oil 
Viscosity 223 mm^/sec at 20°C 
Specific Gravity 0.863 at 20°C 

Antioxidant #1: Irganox 1010 (Ciba-Geigy) 



Antioxidant #2 



Irganox 1076 (Ciba-Geigy) 
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UV stabiliser; Tinuvin 327 (Ciba-Geigy) 
Processing- 

All gels were made on a Z-biade mixer, mixing the above 
ingredients for 50 minutes, at ISS-SOCC imder vacuum. 

TMA softening point (Ts) and Dynamic storage modulus (G') 
were measured as described in the aforementioned WO8800603. 
except that the modulus was measured at 0.1 Hz to approximate 
more closely the conditions of real end use. 

Extender exudation: samples are discs of gel (15mm 
diameter x 5mm thickness) which are supported inside 15mm 
diameter holes cut in a metal block. The lower surface of each disc 
is supported on a fine mesh, to provide free surface for extender 
loss. A constant pressure of SOkPa is applied to the top surface by 
means of a weighted piston. The whole assembly is placed in an 
oven at 60*C, and a weight loss from each disc monitored with 
time. The M (infinity) value quoted is the mass of extender lost at 
equilibrium, expressed as a percentage of the original mass. 
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Properties 
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B. Soft S-Gels 
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CLAIMS: 

1 • A gel composltioii comprising: • 

(a) a styrene-eiastomeric block-styrene triblock copofymer (Tl, 

(b) a hard biock-elastomeric block diblock copolymer (D), the 
eiastomeric block of which is compatible with extender E 
(specified belowK the amount of D being siofilcient to reduce by 
at least 10% the exudation of E from the composition when 
under compression in use; and 

(c) more than 300, preferably more than 400, especially at least 
500, parts by weight of extender liquid (EJ per 100 parts by 
weight of TfD, which liquid ^ctends and softens the eiastomeric 
blocks of T and of D, 

the composition containing more than 3.1% of T by weight, 
based on the whole composition and/ or containing less th a n 
20% by weight based on the whole composition of added 
hydrogenated styrenic tackifier resin, preferably of any added 
tackifier. 

2. A gel composition according to claim 1, having a cone 
penetration value within the range from 100 to 400, (preferably 100 to 
350). (10-i millimetres); an ultimate elongation greater than 1(X)%, 
with substantially elastic deformation to an elongation of at least 
100%; ultimate tensile strength less than 1 MegaPascal; dynamic 
storage modulus less than 50000 Pascals; and substantially zero 
slump at temperatures up to 120°C. 

3. A gel composition according to claim 1 or 2, containing at least 
3.25%, preferably at least 3.5%, more preferably at least 4%, of T by 
weight of the composition. 
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4. A gel composition according to claim 1 . 2 or 3, containing less 
, than 15%, preferably less than 10%. or substantially none, of the 

added tackifier. 

5. A gel composition according to claim 1 or 2. wherein the weight 
ratio of D:T is within the range of 5:95 to 66:34. 

6. A gel composition according to any preceding Hjaim wherein the 
weight average molecular weight (Mw) of T is at least 120.000, 
preferably at least 150.000, more preferably at least 180.000; and/or 
the Mw of D is 100.000-200.000. 

7. A gel composition according to any preceding claim, wherein the 
amoiont of D is sufficient to reduce the exudation of E by at least 20%. 
preferably at least 25%, more preferably at least 35%. or especially 
preferably at least 50%. 

8 . A gel composition according to any preceding claim, wherein T 
and D constitute substantially ail of the polymer content of the gel. 

9. A gel composition according to any preceding claim, comprising 
at least 600, or at least 900, or at least 1300. parts by weight of E per 
100 parts by weight of T+D. 

10. A gel composition according to any preceding claim, wherein the 
extender E is substantially non-aromatic paraffinic/naphthenic 
mineral oil of para£anic:naphthenic carbon ratio within the range from 
1.75:1 to 5:1, preferably 1.77 to 3:1. more preferably 1.9:1 to 2.7:1. 
most preferably 2.2: 1 to 2.5: 1. 

11. A gel composition according to any preceding claim wherein the 
weight of D included is up to 16.5. preferably 13. percent, and/or the 
weight of T included is up to 23.75, preferably 19. percent, of the total 
weight of the 
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composition, provided that the combined weight of T and D is not 
more than 25. preferafaiy 20, percent of the total weight of the 
composition. 

12. A gel composition according to any preceding claim, wherein the 
hard blocks of D are compatible with, preferably having the same kind 
of repeat miit as^ the polystyrene blocks of T. 

13. A gel composition according to any preceding claim, wherein the 
elastomeric blocks of D are compatible with the elastomeric blocks of 
T. 

14. A gel composition according to any preceding claim* wherein the 
elastomeric blocks of T and/ or the elastomeric blocks of D comprise 
polyalkylene blocks, preferably poly(ethylene/butylene) for T or 
poty(ethyiene/propylene) for D. 

15. A gel composition according to any preceding claim, wherein D 
incorporates not more than 50, preferably less than 40, more 
preferably 20 to 39, weight percent, of the hard blocks. 

16. A gel composition according to any preceding claim, wherein T 
incorporates 29 to 35 weight percent, preferably 30 or 31 to 33 weight 
percent, of the polystyrene blocks. 

17. A device comprising an enclosure for electrical wires or cables 
or connections, a body of a gel composition according to any of the 
preceding claims, and means for holding the body of gel composition 
in compression against and around 1±Le wires or cables or connections 
so as to seal the enclosure and/or protect the wires, cables or 
connections from contamination and/or corrosion. 

18. A device according to claim 17, wherein the body of the gel 
composition is held in an insert shell for insertion in the enclosure. 
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19. A device according to claim 17 or 18 capable of closure 
around an object with one or more bodies of the gel composiUon 
carried by the device arranged to make gel-to-gei surface contact 
upon such closure so as to form a gel-to-gel seal which separates at 
the contact siorfaces upon re-opening of the closure. 

20. The use of a gel composition according to any of claim 1 to 16 
for fonnlng a seal aroimd an object, or between a first object and a 
second object, preferably with the gel composition under 
compression when forming the seal. 

21. A method of sealing an enclosure about an object, comprising 

(a) providing an open enclosure member carrying a body of a gel 
compo^tion according to any of claims 1 to 16. 

(b) placing the enclosure member about the object and fixing or 
closing the enclosure member 

thereabout, thereby 

(c) bringing part of the body of gel into sealing surface contact 
with another part of that body, or with part of another such 
body of gel carried by the enclosure member, or with the said 
object, and 

(d) securing the enclosure member so as to hold the gel 
composition in the said sealing contact, preferably under 
compression. 
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